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Summary
DNA samples prepared from 15 Agrobacterium vitis
and one A. tumefaciens strains were tested in polymerase
chain reaction with 4 primer pairs. The pTiC58 virC spe-
cific primers did not detect any A. vitis, while the polygalac-
turonase specific primers resulted in positive reactions
with all grapevine strains. Octopine and nopaline strains
could be distinguished from vitopine strains by virE2 spe-
cific primers. Like for other bacterial species Triton X-100
with sodium-azide strongly increased the sensitivity of de-
tection of A. vitis. Fourty-six colonies were isolated on a
tartrate medium from grapevine bleeding sap collected from
galled and symptomless Vitis vinifera cv. Cabernet
Sauvignon and Riesling plants. Fourteen of them were iden-
tified by PCR as A. vitis, 11 of which proved to be patho-
genic. Analysis of bleeding sap for A. vitis may become a
useful diagnostic method for selection of healthy plants.
K e y   w o r d s :  Agrobacterium vitis, crown gall,
polymerase chain reaction, sodium-azide, bleeding sap.
Introduction
Crown gall, caused by Agrobacterium vitis or less fre-
quently by A. tumefaciens, is one of the most serious grape
diseases in several grape-growing countries. A. vitis strains
are classified into three taxonomical groups based on
Ti plasmid-encoded opine markers, as octopine-, nopaline-,
and vitopine-type strains. Of these, octopine strains are
found most commonly in grapevine accounting for 60-75 %
of isolates (BURR et al. 1998, RIDÉ et al. 2000). Since the
bacterium systemically infects host plants, the disease
spreads out by symptomless propagating material as well.
Therefore production of Agrobacterium-free stock material
and indexing plants for the presence of pathogens are cru-
cial to reduce the disease development (BURR et al. 1998,
BURR and OTTEN 1999).
Since the introduction of thermostable DNA polymer-
ase and automated thermocyclers (SAIKI et al. 1988), PCR
has rapidly become a basic diagnostic and identification
protocol in plant pathology as well (HENSON and FRENCH
1993, LOUWS et al. 1999). Early studies to identify Agrobac-
terium with PCR used pure bacterial cultures to determine
the suitability of primers which were usually designed on
the basis of Ti plasmid vir region-, or T-DNA sequences
(SCHULZ et al. 1993, HAAS et al. 1995, SAWADA et al. 1995).
Several methods are used for template DNA preparation from
pure cultures. The traditional method based on lysis of bac-
terial cells with SDS followed by phenol/chloroform extrac-
tion and ethanol precipitation (HAAS et al. 1995) yields high
quality DNA, but is time consuming. Lysis in boiling dis-
tilled water (SCHULZ et al. 1993, HAAS et al. 1995, CUBERO
et al. 1999) or in alkaline solution of the non-ionic detergent
Triton X-100 (EASTWELL et al. 1995) yields template DNA
which is also suitable for direct amplification reaction with-
out any purification.
Recently PCR has been successfullly used to detect
Agrobacterium cells directly from naturally infected plants
as well (EASTWELL et al. 1995, KAUFFMANN et al. 1996, CUBERO
et al. 1999). Due to the presence of polyphenolics and
polysaccharides in plants DNA should be purified using
2-mercaptoethanol or polyvinylpyrrolidone or with ion-ex-
change column (EASTWELL et al. 1995, CUBERO et al. 1999).
EASTWELL et al. (1995) found that in situ lysis of bacterial
cells in grapevine cuttings followed by DNA purification
was more efficient to detect A. vitis than analysis of bacteria
eluted from canes with water. This observation may be due
to the strong attachment of agrobacteria to grapevine cell
walls. KAUFFMANN et al. (1996) used immunocapture cultiva-
tion of plant extracts to improve the sensitivity and reliabil-
ity of the method.
It has been shown by LEHOCZKY (1968) that bleeding
sap of infected grapevines contained approximately
7.0-15.4 x 103 Agrobacterium cells per ml. Later LEHOCZKYs
results were confirmed by BURR and KATZ (1983) who also
found pathogenic agrobacteria from sap samples collected
from bleeding grapevines. For the detection of A. vitis we
have compared a set of Agrobacterium specific primers and
various rapid template DNA preparation protocols. Next we
have tested the suitability of bleeding sap analysis for the
diagnosis of A. vitis.
Material and Methods
B a c t e r i a l   s t r a i n s :  Agrobacterium strains used
to test the suitability of primers are listed in Tab. 1. For DNA
preparation strains were grown at 27 °C overnight in liquid
medium containing 10 g·l-1 glucose, 5 g·l-1 yeast extract sup-
plemented with AB minimal salts (LICHTENSTEIN and DRAPER
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1986). For control experiments A. tumefaciens A348, A. vitis
F2/5, AB3 and S4 strains were used.
O l i g o n u c l e o t i d e   p r i m e r s :  Four primer pairs
were compared to test their suitability for the detection of
A. vitis. Their origin and sequence data are listed in Tab. 2.
Of these primers, VCF/VCR have already been published by
SAWADA et al. (1995), the others were designed in our labora-
tory. Experiments were repeated at least twice with each primer
pair.
T e m p l a t e   D N A   p r e p a r a t i o n :  Basically two
methods were used to obtain template DNA for PCR analyis.
For primer evaluation pure DNA was prepared from 1 ml
bacterial culture according to KADO and LIU (1981) followed
by RNase treatment, a repeated phenol:chloroform extrac-
T a b l e  1
Agrobacterium tumefaciens and A. vitis strains used
Strain Relevant characteristics Reference
A. tumefaciens
A348 pTiA6 in C58 chromosomal GARFINKEL et al. 1981
    background, octopine pTi
A. vitis
F2/5 non-virulent strain containing octopine-, BURR et al. 1997,
    and tartrate utilization plasmids SZEGEDI et al. 1999
AT6 wild type, octopine pTi SZEGEDI et al. 1988
Tm4 wild type, octopine pTi SZEGEDI et al. 1988
AB3 wild type, octopine pTi SZEGEDI et al. 1988
Zw2 wild type, octopine pTi SZEGEDI et al. 1988
B10/7 wild type, octopine pTi SZEGEDI et al. 1988
AT1 wild type, nopaline pTi SZEGEDI et al. 1988
AT66 wild type, nopaline pTi SZEGEDI et al. 1988
Ni1 wild type, nopaline pTi SZEGEDI et al. 1988
AB4 wild type, nopaline pTi SZEGEDI et al. 1988
CG49 wild type, nopaline pTi OTTEN et al. 1996
S4 wild type, vitopine pTi SZEGEDI et al. 1988
Sz1 wild type, vitopine pTi SZEGEDI et al. 1988
NW221 wild type, vitopine pTi BIEN et al. 1990
SF93 wild type, vitopine pTi OTTEN et al. 1995
T a b l e  2
Oligonucleotide primers used to characterize the Agrobacterium strains
Name Sequence data (nucleotide position) Length of the Reference*
 amplified fragment
A. tumefaciens pTiC58 virC gene specific primers
VCF/VCR 5'-ATCATTTGTAGCGACT-3' (1289-1273) and 730 bp SAWADA et al. 1995
5'-AGCTCAAACCTGCTTC-3' (560-575)
A. vitis CG49 polygalacturonase gene specific primers
PGF/PGR 5'-GGGGCAGGATGCGTTTTTGAG-3' (679-699) and 466 bp HERLACHE et al. 1997
5'-GACGGCACTGGGGCTAAGGAT-3' (1144-1124) and this study
A. tumefaciens pTiA6 virE2 gene specific primers
VirE2PF/VirE2PR 5'-CGTGCTGCCGTCTCTACA-3' (960-977) and 753 bp WINANS et al. 1987
5'-ACTGAACGCGATCCCACA-3' (1712-1695) and this study
A. vitis pTiS4 vitopine synthase gene specific primers
VisF/VisR 5'-CCGGCCACTTCTGCTATCTGA-3' (2192-2212) and 561 bp CANADAY et al. 1992
5'- CCATTCACCCGTTGCTGTTATT-3' (2752-2731) and this study
* The VCF/VCR oligonucleotide primer sequences were published by SAWADA et al. (1995), other primers were designed in our
    laboratories on the basis of the published sequence data.
tion and ethanol precipitation. Finally DNA was dissolved
in 200 ml sterile distilled water and stored in aliquots at -75 °C.
For PCR analysis 1 ml DNA was used.
Since the routine use of PCR requires simple rapid
protocols to obtain template DNA from a large number of
samples we compared three direct lysis methods based on
the heat treatment of cells. Bacterial suspensions (OD600=1.2)
were incubated for 10 min at 95 °C (i) in distilled water, (ii) in
1.0 % (v/v) Triton X-100, (iii) in 1.0 % (v/v) Triton X-100
containing 0.25 % (w/v) sodium-azide (ABOLMAATY et al. 2000)
followed by centrifugation at 5700 g for 5 min. Then 30 ml of
the supernatants were analysed in a 0.7 % (w/v) agarose gel
stained with 1.0 mg·l-1 ethidium-bromide after electrophore-
sis to compare the relative amount of DNA recovered.
Next serial dilutions were made in sterile distilled water
from suspensions of A. vitis AB3, AT1 and S4 strains con-
taining 5x108, 2.5x108, 1.0x108, 5x107, 1x107, 5x106, 1x106 and
5x105 cells per ml. These suspensions were divided into 450 ml
aliquots supplemented with 50 ml of (i) distilled water, (ii)
10 % (v/v)Triton X-100, and (iii) 10 % (v/v) Triton X-100
containing 2.5 % (w/v) NaN3 (ABOLMAATY et al. 2000). Then
samples were heated for 10 min at 95 oC in a water bath
followed by centrifugation at 5700 g for 5 min. For PCR analy-
sis carried out with the PGF/PGR primer pair 2 ml of the
supernatants were used.
B l e e d i n g   s a p   s a m p l e s :  Grapevine bleeding sap
was collected in April 2000 from 18-year-old symptomless
and tumor bearing Vitis vinifera cvs Riesling and Cabernet
Sauvignon. Three one-year-old canes per plant were cut
and the bleeding sap was collected into sterile Eppendorf
tubes and used directly or stored at -75 °C. To detect A. vitis
the following three methods were tested: (i) a 2-5 ml sap
sample was added directly to the PCR reaction, (ii) a 2.0 ml
sap sample was centrifuged and the pellet was resuspended
in 50 ml distilled water with 1 % Triton X-100 and heated for
10 min at 95 °C; (iii) for further enrichment of bacteria a 50 ml
sap sample was streaked onto tartrate plates (AB minimal
medium with 0.5 % (w/v) L(+)tartrate and 2.5 mg·l-1
bromothymolblue) and incubated at 27 °C for 7 d. Then a
half loop of colonies resembling Agrobacterium was sus-
pended in 0.9 ml of sterile distilled water, supplemented with
0.1 ml 10 % (v/v) Triton X-100 and processed as described
above. For the PCR analysis the polygalacturonase specific
primers were used. Positive colonies were retested with
pathogen-specific primers and inoculated onto Kalanchoe
tubiflora plants for virulence tests.
P C R   c o n d i t i o n s :  The reactions were carried out
in a PTC-150-HB thermal cycler (MJ Research, Inc.,
Watertown, USA) in 25 ml final volumes, in 1x Taq polymer-
ase buffer prepared with 5 % DMSO (v/v), 1.5 mM MgCl2,
0.4 mM of each primer, 200 mM of each dNTP, 1.25 unit Taq
polymerase and 1.0 or 2.0 ml template DNA. The amplifica-
tion was started with an initial denaturation step at 94 °C for
1 min, followed by 30 cycles at 92 °C for 1 min, 54 °C for 1 min
and 72 °C for 1.5 min. Finally the reaction was completed
with an extension step at 72 oC for 3 min. Then samples were
mixed with 6 ml loading buffer containing 10 mg·ml-1 ethidium
bromide and loaded onto 1.5 % (w/v) agarose gel made in
Tris-acetate buffer (pH 8.0) for electrophoretic separation of
amplified fragments.
Results
P r i m e r   e v a l u a t i o n :  We have compared 4 primer
pairs (Tab. 2) to test their suitability to detect A. vitis. The
pTiC58 virC specific primer pair (VCF/VCR) detected only
the A. tumefaciens A348 strain used as a positive control,
and none of the A. vitis strains (Tab. 3). On the other hand,
the PGF/PGR primer pair which was designed to detect the
chromosomally localized polygalacturonase gene, amplified
the specific fragment from all A. vitis DNA tested. The virE2
specific primer pair (VirE2PF/VirE2PR) amplified the 753 bp
region from the control strain A348 as well as from A. vitis
octopine-, and nopaline-, but not from vitopine strains.
Vitopine-type strains were selectively identified with vitopine
synthase gene (vis) specific oligonucleotide primers. The
same results were obtained with pure DNA and with heated
bacterial cell suspensions prepared in 1.0 % Triton X-100.
T a b l e  3
Evaluation of primers used to detect Agrobacterium vitis strains
Agrobacterium strain Primer pairs
(opine type of pTi)* VCF/ PGF/ VirE2PF/ VisF/
VCR PGR VirE2PR VisR
A348 (o) + - + -
F2/5 (o) - + - -
AT6 (o) - + + -
Tm4 (o) - + + -
AB3 (o) - + + -
Zw2 (o) - + + -
B10/7 (o) - + + -
AT1 (n) - + + -
AT66 (n) - + + -
Ni1 (n) - + + -
AB4 (n) - + + -
CG49 (n) - + + -
S4 (v) - + - +
Sz1 (v) - + - +
NW221 (v) - + - +
SF93 (v) - + - +
* o: octopine-, n: nopaline-, and v: vitopine type Ti plasmid.
   Strain F2/5 contains an incRh1 non-Ti plasmid encoding the
   utilization of octopine (SZEGEDI et al. 1999).
S e n s i t i v i t y   o f   t h e   c e l l   l y s i s   m e t h o d s :
Since the traditional DNA isolation techniques are rather
time consuming or require the use of toxic organic solvents,
the large-scale use of PCR to detect Agrobacterium is lim-
ited. Therefore we tested three rapid lysis protocols based
on a simple heat treatment in distilled water, in 1 % Triton
X-100, or in 1 % Triton X-100 with 0.25 % NaN3 to obtain
template DNA for PCR. Agarose gel analysis of samples
prepared from A. tumefaciens A348 and A. vitis AB3, AT1
and S4 strains showed that DNA could only be detected if
cells were lysed in the presence of NaN3 (Fig.1).
Subsequently the same lytic conditions were compared
in PCR using serial dilutions of bacterial suspensions (see
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Material and Methods). The detection limit of the heating
method in distilled water and Triton X-100 was approximately
105 cells per reaction with PGF/PGR primers. The Triton X-100
solution was slightly more efficient than distilled water alone
(Fig. 2, lanes 3 and 4 in panel A and B). Considering that
usually 150-200 cells per reaction are detected by PCR (BURR
and OTTEN 1999, CUBERO et al. 1999), this relatively high
detection limit indicates that only a small proportion of cells
are lysed under these conditions. Therefore, the use of the
simple boiling method in distilled water or Triton X-100 is
appropriate only for pure cultures and isolated colonies. To
increase the sensitivity of detection we have tested the ef-
fect of NaN3 with Triton X-100 (ABOLMAATY et al. 2000).
This solution markedly increased the recovery rate of DNA
also in the case of Agrobacterium (see above). The detec-
tion limit for A. vitis AB3 in PCR was reduced by NaN3 at
least by two orders of magnitude, since 103 cells per reaction
still resulted in an intensive band (Fig. 2, panel C, lane 8).
The same results were obtained if these experiments were
repeated with the nopaline strain AT1 and with the vitopine
strain S4 (data not shown).
cells per ml. Single colonies were randomly selected for PCR
using the polygalacturonase specific primer pair. We have
investigated 46 tartrate utilizing colonies, 14 of which were
positive in PCR (Fig. 3). Six colonies resulted in non-specific
amplification (data not shown), 26 colonies were negative to
these primers. None of the 14 positive colonies reacted with
the virE2 specific primers, but 11 colonies induced tumors
on Kalanchoe tubiflora plants showing that a relatively
high proportion of PGF/PGR positive A. vitis isolates is
pathogenic. These tumors contained vitopine and representa-
tive isolates (three colonies were tested) gave positive reac-
tions with the VisF/VisR primers in PCR (data not shown).
Results are summarized in Tab. 4.
Fig. 1: Comparison of cell lysis methods for DNA isolation. Bac-
terial suspensions were heated for 10 min at 95 oC in distilled
water (panel A), or in 1.0 % Triton X-100 (B), or in 0.25 % (w/v)
NaN3 prepared in 1.0 % Triton X-100 (C). Panel 0 shows non-
heated control in distilled water. Lane M: 5 mg sheared chicken
DNA, lane 1: Agrobacterium tumefaciens A348, lane 2: A. vitis
AB3, lane 3: A. vitis AT1, lane 4: A. vitis S4.
Fig. 2: Effect of NaN3 on the efficiency of PCR detection of
Agrobacterium vitis strain AB3. M: size marker, 0: negative con-
trol without template DNA. Lanes 1-8 contain DNA preparation
from 1x106, 5x105, 2x105, 1x105, 2x104, 1x104, 2x103 and 1x103
cells per reaction, respectively. Cells were lysed in distilled water
(panel A), in 1.0 % Triton X-100 (B), or in 0.25 % (w/v) NaN3
prepared in 1 % Triton X-100 (C) and tested in PCR with the
PGF/PGR primer pair.
B l e e d i n g   s a p   a n a l y s i s :  For rapid detection of
A. vitis we have analysed more than 80 samples, but the
pathogen was never found if bleeding sap or bacterial cell
suspensions concentrated by centrifugation of fresh bleed-
ing sap samples (2-5 ml) were added directly to the PCR
reaction mixture. Therefore for further studies bleeding sap
samples were streaked onto tartrate plates to isolate single
colonies. The number of tartrate utilizing colonies was rather
variable among samples, it usually varied from 4x102 to 2x103
Fig. 3: Identification of Agrobacterium vitis from the tartrate uti-
lizing bacterial colonies isolated from bleeding sap. M: size marker,
0: negative control without template DNA, lane 1: Agrobacterium
vitis AB3 DNA used as positive control. Lanes 2-18 are randomly
selected colonies grown on tartrate as sole carbon source. Lanes
6-8, 15 and 17 show A. vitis.
Discussion
In order to detect A. vitis we compared a set of primers
designed on the basis of chromosomal or Ti plasmid se-
quence data. Surprisingly, the virC specific primers did not
amplify the corresponding fragment from A. vitis DNA prepa-
rations; however SAWADA et al. (1995) as well as CUBERO
et al. (1999) found that these sequences are common in nearly
all pathogenic agrobacteria. The reason for our failure to
detect A. vitis by VCF/VCR primers is unknown, most prob-
ably it is due to differences in the strains used. On the other
hand, the polygalacturonase gene specific primers PGF/PGR
detected all A. vitis strains tested. These observations are in
agreement with previous results (EASTWELL et al. 1995). Since
this chromosomal gene is common in pathogenic and non-
pathogenic A. vitis strains we tested virE2 specific primers
as well to distinguish virulent strains. This primer pair de-
tected the octopine-, and nopaline-, but not the vitopine
type of pathogenic strains. The latter strains were identified
by vis gene-specific oligonucleotides (CANADAY et al. 1992).
Although we have not found a primer pair which can detect
all pathogenic A. vitis, for routine use the PGF/PGR primers
can be used since most (11 out of 14) colonies found in
bleeding sap were pathogenic.
For large scale application of PCR it is necessary to
have a simple rapid protocol to obtain template DNA. Thus
we compared distilled water, Triton X-100 and NaN3 with
Triton X-100 to lyse A. vitis cells. NaN3 in combination with
Triton X-100 highly increased the efficiency of the recovery
of template DNA as well as the sensitivity of PCR detection
as previously described for Escherichia coli and other hu-
man pathogenic bacteria (ABOLMAATY et al. 2000). We have
found that this simple protocol was similarly sensitive as
the traditional DNA isolation methods including SDS-lysis,
organic extraction and ethanol precipitation (data not shown).
Therefore we now prefer this method as a routine protocol.
Detection of the pathogen directly from plant samples
is quite difficult due to the low number of bacterial cells or
due to the presence of PCR inhibitors such as polyphenols
and polysaccharides. To overcome these difficulties tem-
plate DNA should be isolated with multi-step protocols, or
with the application of DNA purification columns (EASTWELL
et al. 1995, CUBERO et al. 1999, LLOP et al. 1999). Enrichment
of the bacterial population from plant samples in a semi-
selective medium may also increase the efficiency of detec-
tion as described for Pseudomonas strains (PENYALVER et al.
2000). Although analysis of whole bacterial populations may
result in non-specific amplifications as well, we preferred to
use single colonies selected on tartrate plates for template
DNA preparation. Using this method we could detect patho-
genic A. vitis in 3 of 16 grapevines tested. Altogether 14 colo-
nies were identified as A. vitis of which 11 were pathogenic.
Our results confirm previous observations published by
LECHOCZKY (1968) and BURR and KATZ (1983) concerning the
occurrence of A. vitis in bleeding sap.
The isolation of bacterial colonies prior to PCR analy-
sis, although more time consuming, seems to be a useful
step to increase the reliability of the detection protocol. On
the other hand, this step also eliminates the polymerase in-
hibitors (phenolic compounds and polysaccharides) present
in plant samples. Analysis of grapevine bleeding sap for
A. vitis may be a useful tool for preselection of pathogen-
free vines or to monitor the occurrence of A. vitis in root-
stock plantations.
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